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ABSTRACT:

Past hurricane events have revealed the vulnerability of commercial residential mid/high-rise buildings
(CR-MHR) to hurricane-induced water ingress. A new methodology is proposed to produce realistic
estimates of the interior and contents damage in CR-MHR. This research extends to a new CR-MHR interior
and contents damage model, the results of previous efforts on rain admittance factor, surface runoff
coefficients, and water propagation in apartment units, derived from Wall of Wind tests (Baheru et al.,
2014; Raji et al., 2020; Silva de Abreu et al., 2020), for commercial residential low-rise buildings, within
the framework of the Florida Public Hurricane Loss Model (FPHLM). The new physics-based methodology
combines estimates of envelope defects and breaches, with estimates of direct impinging and surface runoff
from wind driven rain (WDR), rainwater ingress, propagation, and percolation, and components cost
analyses to produce estimates of the interior and contents damage in CR-MHR. The basis for the
methodology are the mechanisms of rainwater ingress, distribution and propagation. The methodology was
implemented into a deterministic combined vulnerability and actuarial model (DCM) and into a probability
vulnerability model (PVM).
At the heart of the DCM is a scenario analysis engine, which loads the exposure data from the insurance
portfolio and the 3-second gust actual terrain wind speeds at 10 meters for all policies. The DCM takes the
mean value of the key parameters and produces the expected insured losses for the building, interior,
exterior and contents for each policy in the portfolio. At the heart of the PVM is a Monte Carlo simulation
engine which runs thousands of simulations looping over combinations of wind speeds and wind directions,
for defined building classes. The key parameters are randomly selected for each simulation. The outputs of
the PVM are vulnerability matrices and vulnerability curves for building, interior and contents. The PVM
outputs two kinds of vulnerability matrices and curves: damage ratio as a function of wind speed (WS) and
damage ratio as a function of the WDR. In addition, the model outputs vulnerability surfaces with damage
ratio as a combined function of both WS and WDR.
The coding is in the Python3 language which is a favourable language for statistical models and data
analysis due to the ease of use and a wide range of analytical libraries available. The coding incorporates a
matrix implementation, which combines iteration and Hadmard product to improve the computing speed
and reduce the RAM memory usage. Both DCM and PVM have 2 modules (pre-processing module and
approach module) accompanied by a configuration file (detailed in Figure 1).
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The authors verified that neither the DCM nor the PVM models ran afoul of established logical relationships
to risk. In addition, the research team compared the output of the DCM model against the output of several
commercial models, available in Form V-1 of the vulnerability standard from the Florida Commission on
Hurricane Loss Projection Methodology (FCHLPM). The results show that the output of the DCM
compares favourably to other models.
The presentation will describe the development of the model, the challenges that the authors had to
overcome, and present results from both the deterministic and the probabilistic model.

Figure 1. Generic flowcharts of DCM (left) and PVM (right)
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